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Aims. To evaluate the prognostic value of the QT interval
' and QT interval dispersion in total and in cardiovascular
| mortality, as well as in cardiac morbidity, in a general
| population.

| Methods and results. The QT interval was measured in
all leads from a standard 12-lead ECG in a random sample
of 1658 women and 1797 men aged 30-60 years. QT
interval dispersion was calculated from the maximal differ-
ence between QT intervals in any two leads. All cause
mortality over 13 years, and cardiovascular mortality as
. well as cardiac morbidity over 11 years, were the main
- outcome parameters. Subjects with a prolonged QT interval
| (430 ms or more) or prolonged QT interval dispersion
| (80 ms or more) were at higher risk of cardiovascular death
- and cardiac morbidity than subjects whose QT interval
| was less than 360 ms, or whose QT interval dispersion
| was less than 30 ms. Cardiovascular death relative risk
ratios, adjusted for age, gender, myocardial infarct, angina

pectoris, diabetes mellitus, arterial hypertension, smoking
habits, serum cholesterol level, and heart rate were 2-9 for
the QT interval (95% confidence interval 1-1-7-8) and
4-4 for QT interval dispersion (95% confidence interval
1-0-19-1). Fatal and non-fatal cardiac morbidity relative
risk ratios were similar, at 2-7 (95% confidence interval
1-4-5-5) for the QT interval and 22 (95% confidence
interval 1-1-4-0) for QT interval dispersion.

Conclusion. Prolongation of the QT interval and QT
interval dispersion independently affected the prognosis of
cardiovascular mortality and cardiac fatal and non-fatal
morbidity in a general population over 11 years.

(Eur Heart J 1998; 19: 1391-1400)
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Introduction

A number of studies have indicated that there is a
relationship between mortality, a prolonged QT (or
heart rate corrected QT (QTc)) interval, and increased
QT interval (or QTc) dispersion, in coronary heart
disease. Two epidemiological studies! have investi-
gated the link between prolonged QTc and mortality in
a general population with conflicting results, and only
one study has evaluated the prognostic value of QTc in
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cardiac morbidity!®. The association between increased
QT interval dispersion, or QTc dispersion, and cardio-
vascular mortality or morbidity in a general population
has not been evaluated. As prolongation of the QT
interval or QTc may reflect ischaemic heart diseases'!,
increased QT interval dispersion — which may mirror
discrepant repolarization characteristics of different
areas of the heart’®® — could indicate ischaemic dis-
orders of the heart. Measurement of QT interval
dispersion in this manner might enhance a non-invasive
prognostic index. The aim of this study was to examine
the relationship between mortality and morbidity, and
the QT interval, QTc, QT interval dispersion, and QTc
dispersion in a general population.
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Methods

Study population

In 1982-1984 a random sample of 4807 individuals from
the catchment area of Glostrup hospital (Copenhagen,
Denmark) (individuals aged 30, 40, 50 or 60 years with
equal gender distribution) were invited to participate in
a population health survey study. Three thousand seven
hundred and eighty one subjects (about 80%) agreed to
participate!”. The cohort consisted of approximately 450
subjects in each age and gender stratum. A detailed
medical history was obtained by a structured inter-
view, medical staff performed a physical examination,
and a standard 12-lead electrocardiogram (ECG) was
recorded. From our retrospective analysis, 28 subjects
were excluded because of bundle branch block and 10
because of atrial fibrillation (only subjects in sinus
rhythm were included). Seventy-eight subjects were not
studied because of missing ECGs or their ECGs were
not technically measurable. To avoid any confounding
effect due to a reduction in the number of leads in which
the QT interval was measurable, ECGs with less than
nine measurable leads (n=210, 5% of all) were not
included in the analysis. This resulted in a cohort of 1658
women and 1797 men.

Electrocardiographic measurements

The ECGs were obtained at a paper speed of
25mm.s~ !, a gain of 10mV and a paper format of
3 x 4, The interval measurements were obtained by two
observers using a digitizing tablet (Cherry, Mk III
Graphic tablet, resolution 0-1 mm) connected to a
personal computer. The observers were blinded in
respect of baseline information and survival data. The
RR interval, the QJ interval, the QT interval and, in the
presence of a U-wave, the QU interval were obtained
from one complex in all measurable leads. The end of
the T wave was defined as the point of return to the
iso-clectric line. In the presence of a U-wave, the end of
the T-wave was defined as the point of the TU nadir. In
case of a flat T wave or a TU merge without nadir, the
end of the T wave could not be determined and the lead
was excluded from measurements. The QT was adjusted
for heart rate according to Bazett’s formula', The mean
RR interval (the RR interval), mean QT interval (the
QT interval), and the mean OTc (QTc) were calculated
from all measurable leads in each ECG. QT interval
dispersion and QTc dispersion were defined as the
maximum difference between the QT interval and QTc,
respectively, in any two leads. For the current study, the
ECGs were retrospectively evaluated. QTc and QTc
dispersion are given in ms'? and QT interval and QT
interval dispersion are given in ms.

Reproducibility

Because of the known difficulties concerning definition
of the end of the T wave, reproducibility was assessed
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twice by the same observer (inter observer reproducit
ity), as well as by the two observers (intra obsery
reproducibility). In addition, ECGs found to have hi
(above 100 ms) and low (beneath 30 ms) QT inten
dispersion were measured twice by the same observer

End points

Information on all-cause mortality until December 19
(follow up 13 years) was obtained from the Dani
Central Personal Register where all deaths in t
country are registered within 2 weeks. Morbidity d:
and information of causes of death until December 19
(11 years of follow-up) were obtained from the Dani
Board of Health and the Danish Institute for Clini
Epidemiology (DIKE). Coding of causes of death
hospitalization was performed according to the
International Classification of Disease.

Cardiovascular mortality was defined as ICLC
codes 390.00-449.00 and cancer mortality as ICD coc
140.00-240.00. Non-fatal or fatal cardiac morbidity w
defined as first hospitalization or death from one of
following (later called a cardiac event):

Atherosclerotic cardiac disease (ICD coc
410.00-414.99); symptomatic heart disease (IC
codes 427.00-429.99); cardiomyopathy (defined as IC
codes 425.99).

Data analysis

In addition to the total population, the following t
subgroups were considered: A ‘normal’ subgroup c¢
sisting of 2269 participants without any known circu
tory or other disease, not on any medical therapy, w
blood pressure below 160/95 and with a normal E(
according to the Minnesota code!®. A ‘Cardiovascul
subgroup consisting of 821 subjects who, at the time
investigation, had had a myocardial infarction and
angina pectoris, andfor claudicatio intermite
and/or arterial hypertension, and/or diabetes melli
and/or stroke and/or were in current medical thera
with nitrates and/or digoxin.

Differences between the two groups in discr
and continuous data were tested by the chi-square t
and the Wilcoxon signed rank sum test, or by multi
regression methods. The data are presented
mean % SD unless otherwise stated. The relative risk
an, ‘all-causes’ death or cardiovascular death was det
mined as a hazard ratio using a Cox proportional haz:
regression model. The exposure variables in this st
were the QT interval, QTc, QT interval dispersion a
QTc dispersion. These variables were included in -
separate models, together with possible confounder vz
ables, known to be associated with mortality, and
prolonged QT interval/QT interval dispersion. Th
confounders were: age, gender, heart rate, artel
hypertension, previous myocardial infarction, ang
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Table I Demographic data and ECG measurements for the total population and in

the two subgroups.

Total population Normal Cardiovascular P
(3455) (2269) (821)

Deaths (n) 331 140 150
Age (years) 44 £ 11 4311 48 £ 11 *
Male gender (%) 52 56 53 ns
Angina pectoris (n(%)) 53(2) o 53(7)
Previous MI (n(%)) 47 (1) — 47 (6)
Hypertension (n(%)) 634 (18) —— 634 (74)
Diabetes mellitus (n(%)) 70 (2) — 70 (8)
Current smokers (%) 59 61 55 *
Se-cholesterol (mmol .17 ") 60+12 59412 636+ 14 *
QTc 405+ 25 400 + 23 413426 wl
QT interval 392+29 392 £ 27 393 432 ns'
QTc dispersion 60 + 25 58 423 61 +28 ns'
QT interval dispersion 50 4 22 49 + 20 53 +26 ns'
Heart rate 65+ 11 63+10 67412 !

Hypertension=arterial hypertension; MI=myocardial infarction; *Indicates P-value below 5%
comparing the cardiovascular subgroup with the normal subgroup. ns=not significant. '"The
P-values are calculated from multiple regression analyses to correct for different age and gender

distribution in the different subgroups.

pectoris and diabetes mellitus. Other explanatory vari-
ables known to be risk factors for cardiac mortality and
morbidity were also included: smoking, and serum
cholesterol. The exposure variable was included into the
regression models as a discrete variable, where the
lowest level of the value was used as the reference value.
The cut-off points separated the lowest and the highest
10% of the values approximately. Proportional hazard
assumptions were verified by inspection of log-log sur-
vival curves. All data analyses were performed on a
personal computer with SAS software version 6.12.

Results

Demographic data

Demographic data and the measured ECG parameters
in the total population and in the two selected subgroups
are shown in Table 1. Of the measured ECG parameters,
QTc and heart rate were significantly higher in the
‘cardiovascular’ subgroup compared to the normal sub-
group (P<0-05). Figure 1 shows the distribution of
causes of death in the three groups. Figure 2 shows the
distribution of reasons for hospitalization for those
subjects who survived to be hospitalized for a cardiac
reason (n=218, 20 out of the 238 with a cardiac event
died before hospitalization). From the figure it is seen
that the main reason for hospitalization was acute
myocardial infarction.

All-cause mortality, univariate analysis

Figure 3 shows all-causes mortality per 1000 person
years in relation to increasing values of QTc and QT

interval dispersion, in the total population, in the
normal subgroup and in the cardiovascular subgroup.
The figure shows that mortality increases alongside
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Figure 1 The distribution of causes of death in the three
subgroups. Comparison of the normal and cardiovascular
subgroups, shows there were significantly more cardiovas-
cular deaths in the cardiovascular subgroup (P<0:01) and
significantly more cancer deaths in the normal subgroup
(P<0-01). m=death caused by cancer, see definition in
text; El=death caused by cardiovascular disease, see
definition in text; (J=all other causes of death.
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Figure 2 The distribution of reasons for hospitalizing the
218 subjects who survived to be hospitalized for a cardiac
reason. AMI=acute myocardial infarction.

increasing values of QTc and QT interval dispersion in
the total population and in the cardiovascular subgroup.
In normal subjects mortality from increasing values of

QTc and QT interval dispersion is weak or absent. T
figure reveals no clear cut-off point after which mortal;
increases dramatically.

All-cause mortality and cardiovascular
mortality, multivariate analysis

Proportional hazard regression models (Cox) we
studied to evaluate whether the QT interval, QTc, (
interval dispersion, or QTc dispersion were indepe
dently indicative of mortality. Table 2 shows the resi
for the total population. The table shows the risk rat
95% confidence intervals and P values for the differe
categories of the explanatory variables, which we
studied in separate models. The table shows that havi
a QT interval above 430 ms compared with a (
interval in the range 300-360 ms revealed a relative ri
of all-cause death of nearly 1-9, independent of aj
gender, previous myocardial infarction, angina pector
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Figure 3 'The mortality rates per 1000 person years for increasing values of The error bars indicates
the 90% confidence interval.CV =cardiovascular subgroup.
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cardiovascular mortality in the total population

Table 2 QT interval, QTc, OT interval dispersion and QTc dispersion in total and

Total mortality
(n=3455, events=331)

Cardiovascular mortality
(n=3455, events=100)

n RR' 95% CI RR! 95% CI
QT interval: 300-360 383 1:0 1-0
QT interval: 360-430 2716 1-41 0:95-2:10 1-45 0-69-3-02
QT interval: >430 356 1-87 1:06-3-27 293 1-09-7-84
QT dispersion: 0-30 325 1-0 10
QT dispersion: 30-80 2731 165 0:96-2-51 347 0-88-14-22
QT dispersion: >80 399 1-80 1-05-3-07 4-43 1-03-19-06
QTc: 310-380 427 1-0 1-0
QTec: 380-440 2715 1-60 0:97-2:65 179 0-64-5-03
QTc: =440 313 1-89 1:04-3-37 3-31 1-04-9-91
QTc dispersion: 0-40 273 1-0 1-0
QTc dispersion: 40-90 2856 136 0:91-2-01 309 0-97-9-88
QTec dispersion: >90 326 1-45 0:91-2:27 3-87 1-15-13-03

the models.

arterial hypertension, diabetes mellitus, current smok-
ing, serum cholesterol and heart rate. Similarly, QTc as
an indicator for total mortality has a relative risk of
nearly 19, when comparing levels of QTc above
0 ms'? are compared with levels in the range 310
380 ms'2. QT interval dispersion indicated independent
prognostic importance as regards total mortality (risk
ratio 1-8, P<0-05) but this was not the case for QTc
dispersion (risk ratio 1'5, P=0-1). Table 2 shows a
similar analysis for cardiovascular mortality in the total
pulation. All the exposure variables had independent
prognostic value, but the 95% confidence intervals shows
high uncertainty in the estimates of the risk ratios.
Table 3 carries the same analysis for the sub-
group of apparently healthy individuals. Here none of
the exposure variables had independent prognostic value
for total mortality. Because only 26 of the 140 deaths in
this subgroup were of cardiovascular origin the data
ere not analysed for cardiovascular mortality. Table 4
shows the same multivariate analysis in the cardio-
ular subgroup. QTc and the QT interval, as well as
Tc dispersion and QT interval dispersion, all
independently indicated total mortality, QT interval and
Tc were independently indicative of cardiovascular
ortality. QTc, the QT interval, QTc dispersion and QT
interval dispersion carried no independent prognostic
value for cancer mortality in either the total population
or in the two selected subgroups.

Fatal and non-fatal cardiac morbidity,
multivariate analysis

—

"able 5 shows the risk ratios and 95% confidence
ntervals of the QT interval, QTc, QT interval dispersion

-

RR =risk ratio; 95%CI=95% confidence interval; QT dispersion=QT interval dispersion. 'All risk
ratios are adjusted for age, gender, myocardial infarction, angina pectoris, arterial hypertension,
d4abetes mellitus, serum cholesterol, smoking habits and heart rate by including these variables in

and QTc dispersion for the development of a fatal and a
nou-fatal cardiac event. The prognostic value of the QT
interval, QTc, QT interval dispersion and QTc¢ disper-
sion were all independently of value in demonstrating an
11-year cardiac fatality and non-fatal morbidity.

In order to examine whether the QT interval and
QT interval dispersion were still prognostically of value
if only non-fatal cardiac morbidity was analysed for the
total population, we performed the same analysis while
excluding the 75 subjects who developed a fatal cardiac

Table 3 The values of the QT interval, QTc, QT interval
dispersion and QTc dispersion for total mortality in the
normal subgroup

Total mortality
(n=2269, events= 140)

n RR' 95% CI
QT interval: 300-360 227 10
QT interval: 360430 1828 1-82 0-96-3-46
QT interval: >430 214 1-51 0-54-4-28
QT dispersion: 0-30 214 1-0
QT dispersion: 30-80 1808 1-15 0-60-2-20
QT dispersion: >80 247 0:96 0-43-2-15
QTc: 310-380 350 10
QTc: 380-440 1803 13 0-70-2-42
QTc: =440 116 117 0-43-2-87
QTc dispersion:0-40 303 1-0
QTc dispersion: 40-90 1696 1:34 0-75-2-40
QTec dispersion: >90 270 090 0-42-1-92

Abbreviations as in Table 2; 'All risk ratios are adjusted for age,
gender, serum cholesterol, smoking habits and heart rate by
including these variables in the models.

Eur Heart J, Vol. 19, September 1998
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Table 4 The values of QT interval, QTc, QT interval dispersion and QTc dispersion
for total and cardiovascular mortality in the cardiovascular subgroup

Total mortality
(n=821, events=155)

Cardiovascular mortality
(n=821, events=73)

n RR' 95% C1 RR! 95% ClI
QT interval: 300-360 102 1-0 1-0
QT interval: 360-430 634 1-44 0-80-2-60 1-52 0-63-3-67
QT interval: =430 85 218 1-00-4-79 315 1-10-9-83
QT dispersion: 0-30 74 10 1-0
QT dispersion: 30-80 666 2:40 0-97-592 2-53 0-61-10-50
QT dispersion: >80 81 342 1-31-8-85 351 0-80-15-52
QTec: 310-380 74 1-0 1-0
QTc: 380-440 633 2-84 0-98-9-01 408 0-55-30-17
QTc: =440 139 3-83 1:14-12-87 8:09 1-04-62-82
QTc dispersion: 0-40 102 1-0 10
QTc dispersion: 40-90 615 1-47 0-76-2-82 2:19 0-69-7-06
QTc dispersion: =90 104 2:05 1:01-4-19 289 0-84-10-00

Abbreviations as in Table 2; 'All risk ratios are adjusted for age, gender, myocardial infarction,
angina pectoris, arterial hypertension, diabetes mellitus, serum cholesterol, smoking habits and

heart rate by including these variables in the models.

Table 5 The value of the QT interval, QT interval dispersion, QTc and QTc
dispersion for development of cardiac fatal- and non-fatal morbidity in the total

population

Fatal and non-fatal cardiac events
(n=3455, events=238)

Non-fatal cardiac events
(n=3455, events=172)

n Risk ratio' 95% CI Risk ratio' 95% CI
QT interval: 300-360 383 10 10
QT interval: 360-430 2716 1-95 1:16-3-30 2:05 1-01-3-89
QT interval: >430 356 274 1:36-5-53 2:88 1-24-6:67
QT dispersion: 0-30 317 10 10
QT dispersion: 30-80 2739 1-58 0-86-293 1-30 0-68-2-49
QT dispersion: >80 399 218 1-12-4-03 1-75 0-85-3-59
QTc: 310-380 427 1-0 1-0
QTc:380-440 2715 1-24 0-73-2:10 1-25 0-68-2-30
QTc: =440 313 1-87 1-00-3-50 1-91 0-92-3-96
QTc dispersion: 0-40 463 1-0 1-0
QTc dispersion: 40-90 2580 1-76 1-02-3-04 1-72 092-3-19
QTec dispersion: =90 412 2-28 1-25-4-18 2-11 1-05-4-23

Abbreviations as in Table 2; 'All risk ratios are adjusted for age, gender, arterial hypertension,
myocardial infarction, angina pectoris, diabetes mellitus, serum cholesterol, smoking habits and

heart rate.

event. In Table 5 it is shown that the tendency in the
results was the same. Table 6 shows that there was no
independent prognostic information on either ‘fatal or
non-fatal cardiac events’ or ‘non-fatal cardiac events’ in
the normal subgroup.

Influence of heart rate

Due to the known weakness of Bazett’s formula, we
have analysed the relationship between heart rate and

Eur Heart J, Vol. 19, September 1998

the QT interval both before (QT interval) and after
(QTc) correction for heart rate, and we have done the
same for QTc dispersion and QT interval dispersion.
Figure 4 shows the relationship between the QT interval,
QTec, QT interval dispersion, QTc dispersion, and heart
rate in the normal population. There was a significant
negative correlation between the QT interval and heart
rate (slope of regression line — 0-25 ms . beats . min ~ 'l
P<0-0001), and a significant positive correlation
between QTc and heart rate (slope of regression line
0-21 ms"? . beats . min ', P<(-0001). There were no
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Table 6
Jor dev

The value of QT interval, QT interval dispersion, QTc and QTc dispersion
elopment of cardiac fatal- and non-fatal morbidity in the normal population

Fatal and non-fatal cardiac events

Non-fatal cardiac events
(n=2269, events=56)

n Risk ratio' 95% CI Risk ratio' 95% CI
QT interval: 300-360 227 10 1-0
QT interval: 360-430 1828 2:02 0-73-5-58 2-19 0-64-7-50
QT interval: =430 214 3-55 0-84-13-33 406 0-81-20-39
QT dispersion: 0-30 214 10 1-0
QT dispersion: 30-80 1808 2:41 0-58-3-57 1-88 0-45-7-82
QT dispersion: >80 247 2:97 0-66-4-67 2:79 0-61-12-72
QTec: 310-380 350 1-0 1-0
QTc: 380-440 1803 1-60 0:71-9-91 2-30 0-81-6-55
QTe: 2440 116 1110 0:26-13-26 209 0:42-10-33
QTc dispersion: 0-40 303 1-0 1-0
QTec dispersion: 40-90 1696 248 0:77-7-96 1-94 0:6-6:32
QTc disz;:rsion: =90 270 3-56 1:02-12:39 314 0-88-11-20
Abbreviations as in Table 2; 'All risk ratios are adjusted for age, gender, serum cholesterol,

smoking habits and heart rate.
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4 The relationship between the QT interval, QTc, QT interval dispersion, QTc dispersion and
heart rate in the normal subgroup. f is the slope of the linear regression line. The P-value indicates
E the slope of the regression line differs significantly from zero and is calculated from an

Reproducibility

The inter-observer and the intra-observer reproduci-
bility, expressed as relative errors, are shown in Table 7.
There were no systematic differences in the repeated

Eur Heart J, Vol. 19, September 1998
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Table 7 Inter observer and Intra observer reproducibility

Inter-observer

n=100 Observer 1 Observer 2 RD
QT interval 404 + 31 405 £ 32 2%
QT interval dispersion 59 + 26 64 + 31 27%
Heart rate 66+ 12 65+ 11 2%

Inter observer reproducibility: The two observers measured QT
interval, QT interval dispersion and heart rate in the same 100
ECGs and the table shows the mean value + SD for each observer
and the calculated relative difference (RD).

Intra-observer

n=80 Observer | Observer 1 RD
(First (Second
measurement) measurement)
QT interval 405 + 30 395+ 30 2%
QT interval dispersion 51+ 19 49+ 19 25%
Heart rate 64+ 11 65+ 12 2%

Intra-observer reproducibility: the same observer measured the
same 80 ECGs twice and the table shows the mean value & SD
for the two different measurements and the calculated relative
difference (RD).

measurements by the two observers. The results of
re-analysing the 60 ECGs with high (above 100 ms) and
low (under 30 ms) QT interval dispersion are shown in

50

Fig. 5. The figure shows that (a) the inter-measurem
error was the same for high and low QT inter
dispersion values, and (b) that QT interval dispers
measured as above 100 ms can be measured as low
40 ms by the next measurement and that QT inter
dispersion measured as under 30 ms at the first meast
ment can be as high as 80 ms at the next measurem

Discussion

There were two main findings in this study. (1) The
interval, QTc, QT interval dispersion and QTc disj
sion carried independent prognostic information as
gards cardiovascular mortality in the gen
population. This information could also be founc
subjects with known cardiovascular disease at the t
of ECG recording, whereas it was absent in a subgr
of apparently healthy subjects. (2) Information ab
fatal cardiac and non-fatal morbidity in the gen
population was also evident from the QT interval
QT interval dispersion, but again only in subjects v
pre-existing diseases; these findings were not in evide
in the subgroup of apparently healthy subjects.
Many studies have shown that subjects \
ischaemic heart disease have increased levels of
interval and QT interval dispersion compared to hea
controls!'®'"), Sporton ez al.!"? in a recent study sho
that myocardial ischaemia induced by incremental ai
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Figure 5 The reproducibility of high and low levels of QT interval dispersion. ECGs with an initial measuremel
high (QT interval dispersion above 100 ms) and low (QT interval dispersion below 40 ms), respectively,
re-measured twice by the same observer. The differences between these two re-measurements (y-axis) are shown b
means of the two re-measurements (x-axis). ® =Indicates ECGs with an initial QT interval value of 40 ms or b
% =Indicates ECGs with an initial QT interval value of 100 ms or above.
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pacing provided a marked increase in QT interval dis-
persion in subjects with coronary artery disease, but
normal values of QT interval dispersion at rest. Imbal-
ances in the autonomic nervous system are associated
with increased QT interval and QT interval disper-
sion!'*'4 Increases in sympathetic drive are believed to
be associated with increases in the risk of developing of
atherosclerosis''®\. So it is very likely that the QT interval
and QT interval dispersion could act as markers for
clinical or sub-clinical ischaemic heart disease and
thereby posses prognostic information on future fatal as
well as non-fatal cardiac morbidity.

Total and cardiovascular mortality

The prognostic importance of QTc in total and cardio-
vascular mortality confirms previous findings from
two studies from The Netherlands®*. During a
15-year follow up, Schouten et al.””! found QTc to be an
independent risk factor for total as well as cardiovascu-
lar mortality. However, data from the Framingham
Heart Study failed to demonstrate the prognostic value
of QTc in a 30-year follow-up!'.. The variations in the
lengths of follow-up periods may explain the different
outcomes. It is possible that QTc prolongation is an
achuired indicator for heart disease, which is exhausted
as a prognostic marker after some time. Unlike our
results, Schouten et al."”! found QTc to be predictive of
death in a subgroup of individuals with no signs of
coronary heart disease. The main difference between the
results may be because we included heart rate in the
multivariate survival models. If we omitted heart rate
from the models QTc was found to be an independent
predictor of all cause mortality in our normal subgroup.
This study is the first to report the prognostic
value for total and cardiovascular mortality of QT
interval dispersion in a general population. We found
that prognostic information from QT interval dispersion
was present among subjects with already known cardio-
vascular disease. The prognostic information was related
to cardiovascular mortality as no ECG variables had
prognostic value for cancer mortality, which is the other
major cause of death.

 Fatal and non-fatal cardiac morbidity

This is the first study to present the prognostic value of
QT interval dispersion in cardiac morbidity. One pre-
vious study has dealt with the prognostic value of the
QT interval and QTc in cardiac morbidity: In the
Zupten study, Dekker ez al."’) had results very similar to
ours. They examined QTc in 40-60 year old males and
found a relative risk for a fatal or non-fatal myocardial
in:‘;rction of 1'9 over 15 years of follow up for males,
with a QTc above 420 ms'?, compared to males with a
QTc below 385 ms'2,

Influence of heart rate

From previous studies it is known that heart rate is an
independent predictor of death!'®), Heart rate is strongly
related to the QT interval. The QT interval decreases as
heart rate increases, and therefore heart rate is an
important confounder to be included in the models
which analyse the indeoendent prognostic value of the
QT interval. If Bazett’s formula for calculating the heart
rate corrected QT interval (QTc) was ideal, we would
not expect to find a relationship between QTc and heart
rate. However, as shown in Fig. 4, QTc varied signifi-
cantly with heart rate, which indicates that Bazett’s
formula was not ideal to apply on our data. The
inappropriateness of Bazett’s formula has also been
demonstrated in other epidemiological studies!'”). There-
fore, heart rate must be included in the multivariate
models, no matter whether it is the importance of the
QT interval, or the importance of QTc, which is going to
be studied.

It is not known whether QT interval dispersion
should be corrected for heart rate. Animal studies, as
well as studies in humans, have shown that QT interval
dispersion decreases as heart rate increases!'>'®l, In
this study we found no relationship between QT interval
dispersion and resting heart rate. Nevertheless we think
it is important to include the heart rate in multivariate
models where QT interval dispersion or QTc dispersion
are analysed, because of the importance by heart rate
itself. Perhaps it is preferable to express ‘dispersion’ as
QT interval dispersion rather than as heart rate cor-
rected QT interval dispersion (QTc dispersion) to avoid
the influence of Bazett’s formulal®'’,

Limitations of the study

The study was retrospective, but since necessary data
were available on nearly every subject and the overall
study was, in general, designed to analyse cardiovascular
risk we consider the risk of bias caused by the retrospec-
tive design small. End-points in the study were derived
from the moderate amounts of information available on
death certificates and hospital discharge diagnoses. By
such classification cardiac causes of death are often
over-estimated??) and cardiovascular diagnoses may not
always be accurate®®. Furthermore, only admission to
hospital was included in the analysis of cardiac mor-
bidity, and subjects who met the end-point morbidity
criteria were probably those with the most severe mor-
bidity.

Inaccurate determination of the end of the T
wave is a well-known problem!*?%), which is well known
to cause low levels of reproducibility in QT interval
dispersion. In Fig. 5, which shows the distribution of
re-measured values of QT interval dispersion, there was
a noticeable tendency of ‘regression towards the mean’,
that is ‘extreme’ values of QT interval dispersion tended
towards less extreme values when re-measured. There-
fore it is likely that the importance of QT interval
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dispersion was underestimated in this study rather than
indicating importance with no relation to reality.

The implication of this study is that the QT
interval, QTc or the QT interval dispersion do not
contribute important prognostic information about
mortality and morbidity in healthy subjects. Such
measurements should be restricted to subgroups with
pre-existing disorders related to ischaemic heart disease.
Among these subjects, QT interval as well as QT interval
dispersion might add important prognostic information
on future cardiovascular mortality and cardiac mor-
bidity. Because of the many unsolved problems as
regards standardization of QT interval measurement
and a definition of QT interval dispersion, these values
are still not of clinical use. Further studies are needed to
address the link between ischaemic heart disease, mor-
tality and QT interval/QT interval dispersion and to
solve the methodological problems.
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